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The objective of this research was to map and determine the updip limit and
locate reservoir potential of the Smackover Formation in southeast-central Mississippi.
This subsurface study was conducted using well log correlation and analysis, structure
top and isopach thickness mapping, 2-D seismic analysis, and core descriptions. The
conclusions from the study led to an alternate interpretation of the Smackover updip limit
affected by basement paleotopography in a possible ridge-valley complex similar to south
Alabama based on evidence from Smackover isopach thickness, structure top map of a
Pre-Smackover surface that represents underlying formations, and 2-D seismic analysis
that agreed with the isopach pinch out.
Evidence from two core observations from in the updip and downdip area
revealed oomoldic porosity and dolomite lithologies with decreasing porosity and
connectivity updip. Strong diagenetic features with no visible porosity were present in
some core sections. Analysis to determine reservoir-grade porosity updip would be
necessary.
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CHAPTER I
INTRODUCTION

Little is known about the updip Smackover Formation and the reservoir properties
in eastern Mississippi including whether or not it has potential for a hydrocarbon
occurrence. The updip Smackover is a proven play in southwest Alabama adjacent to
basement ridges. The objective of this research was to identify the updip limit of the
Smackover Formation and identify reservoir potential in Clarke County, Mississippi.
General Settings
Geographic Setting
The study area for this project is in southeastern Mississippi near the Alabama
border in Clarke County, Mississippi (Fig-1). The study area is bounded by Lauderdale
County to the north, Jasper County to the west, and the Alabama state line to the east.
The southern border of the study area was drawn about halfway through Clarke County
and parallel to regional depositional strike of the Smackover Formation.
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Figure 1

General outline of study Area in Clarke County, Mississippi highlighted by
dashed red polygon with Townships shown.

Structural Framework
The study area lies at the northern border of the Mississippi Interior Salt Basin
(MISB). The MISB, shown in Fig. 2, is an onshore basin that extends from eastern
Louisiana to westernmost Alabama. This major negative structural feature sits along the
northern margin of the Gulf of Mexico Basin and is bounded by the Wiggins Arch to the
south and the Pickens-Gilbertown fault zones to the north. The basin contains many
diapiric salt structures within the central basin. Salt diapirs become less common toward
the basin margins.
The formation of the MISB started with Early Triassic to Middle Jurassic rift
phases that separated the North and South American plates during the development of the
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Gulf of Mexico. Thick accumulations of salt deposited in an actively, subsiding basin in
a restricted and hypersaline environment (Salvador, 1991).

Figure 2

Structural Features of Mississippi and Alabama with study area highlighted
in faded red

(modified from Meendson et al., 1987 and Mancini et al., 1991)
Stratigraphic Framework
The general stratigraphy of Jurassic-aged formations in the MISB (Fig. 3) consists
from bottom to top of the Norphlet Formation sandstones and shales, Smackover
Formation carbonates, Haynesville Formation shales, limestones, and sands with a basal
anhydrite known as the Buckner Anhydrite Member. These formations overlie the plastic
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Louann Salt towards the central parts of the basin and an unyielding Paleozoic basement
rock along the northern margins of the MISB.
The Norphlet Formation is a continental, prograding clastic deposit composed of
quartz sandstone, black shale, and red siltstone. The facies of the Norphlet Formation
range from alluvial fans and braided streams updip to eolian deposits downdip (Jackson
and Harris, 1982). The Norphlet Formation overlies the Louann Salt within the MISB,
but extends over the Louann Salt and overlies older, Paleozoic rocks updip (Badon,
1973).
The Smackover Formation is commonly divided into an upper and lower member.
The lower member of the Smackover Formation is a dark, laminated, carbonate mudstone
that deposited under low-energy, marine conditions during the Oxfordian transgression.
The lower member of the Smackover Formation is commonly referred to as the Lower
Smackover Brown Dense (LSBD) and is the source rock for the upper Smackover
Formation reservoir due to its concentration of organics.
The upper member of the Smackover Formation, or Upper Smackover,
experienced deposition under relatively higher energy settings during a sea-level
highstand. The Upper Smackover contains mostly grain-supported carbonates, such as
oolitic grainstones and packstones. The Upper Smackover has been extensively studied
for its reservoir characteristics from upward shoaling cycles, microbial carbonates, and
dolomitized carbonates (Heydari et al., 1995; Heydari and Baria., 2006b; Baria, 1982;
Heydari and Keyes, 2003).
The Haynesville Formation is a highstand, regressive deposit composed of
anhydritic shales, sandstones, and carbonates that overlie the Upper Smackover
4

(Meendson et al., 1987). The Buckner Anhydrite is a member of the Haynesville
Formation that occurs at the base of the Haynesville Formation in contact with the Upper
Smackover. The Buckner Anhydrite is the disseminated and interbedded anhydrite,
dolomite, and shale that occur in the basal part of the Haynesville Formation. The
Buckner Anhydrite is an impermeable, crystalline rock that acts as an effective seal to the
porous Upper Smackover.

Figure 3

General Jurassic Stratigraphic Column of the Mississippi Interior Salt
Basin

Lower Smackover Member
The Smackover Formation consists of three sequences: A, B, and C, that may
consists of a lowstand, transgressive, and highstand systems tracts that deposit in
response to eustastic, or global, sea level change. The Smackover Formation historically
5

has been divided into two or three members. For this literature synthesis, the Smackover
will be divided into two members. This is the most common method of division for the
Smackover in Mississippi.
A transgressive surface is the contact between the Smackover and Norphlet
formations. Smackover deposition was marked by a rapid transgression in the Oxfordian
stage during Upper Jurassic time. The initial transgression resulted in the reworking and
subsequent re-deposition of Norphlet clastics (Benson et al., 1996; Jackson and Harris,
1982; Meendson et al., 1987). The reworked sandstone layer, sometimes referred to as
the Denkman Member, is of variable thickness as a result of paleotopography below the
Norphlet surface with thinner intervals over paleohighs (Benson, 1988). This suggests
that the thickness of the Denkman Member is dependent on the occurrence of the
Norphlet Formation.
Sandstone facies at the base of the Lower Smackover Member have been
encountered throughout the MISB and have resulted in numerous interpretations of their
origin (Olsen, 1982) described the sandstone as turbidites. This would suggest that the
sandstone facies share a genetic relationship with the Smackover during a lowstand
systems tract. These turbidite facies would be localized adjacent to paleotopographically
higher structures such as salt domes and Paleozoic ridges with steeper slopes. Turbidites
in the Smackover were concluded to occur as sequence boundaries between the A-, B-,
and C-cycles during relative sea level lowstands (Heydari and Baria, 2006a).
The overlying basal, laminated mudstones of the C-sequence (Fig. 4) were
developed in an anoxic, ramp environment. The lack of bioturbation, undisturbed
parallel laminae, and occurrence of anhydrite reflects the stagnant, anoxic environment
6

restricted by the Wiggins Arch (Meendson et al., 1987). Sassen and Moore (1988) stated
that the anoxic environment also preserved algal-derived kerogen.
The lack of a transgressive systems tract (TST) is attributed to the rapid rate of
sea level rise that did not allow sufficient time for carbonate productivity to establish
(Heydari and Baria, 2006a). However, the mudstones of the Lower Smackover could be
indicative of TST deposits since they deposited in low-energy conditions during the
transgression.

Figure 4

C-Sequence Highstand Systems Tract of the Smackover Formation

(from Heydari and Baria, 2006a)
The center of the basin was the site of low energy deposition of laminated
mudstones in these restricted settings. Skeletal wackestones, peloidal-oncodial
packestones and wackestones, and algal laminites deposited in shallower water toward
the basin margins near paleohighs at the time of deposition of mudstone facies (Benson,
1988). The laminated mudstones are frequently interbedded with skeletal wackestones
due to small-scale fluctuations in sea level toward the basin margins (Benson, 1988).
However, Benson (1988) also stated that the mudstone lithofacies is absent along updip
7

margins near paleohighs such as the Conecuh Ridge and Wiggins Arch. These
mudstones occur in thicker intervals in the central parts of the basin.
Upper Smackover Member
Meendson et al. (1987) reported a shallowing upward trend at the end of lower
Smackover deposition that reflects a decrease in the rate of sea level rise and an increase
in depositional energy. The Reynolds oolite from Heydari and Baria’s study (2006a)
reflects a more oxygenated, mid ramp environment from evidence of low total organic
content (TOC), presence of minor benthics, and rare oncolites that is not preserved in the
center of the basin in the C-sequence.
This slow in the rate of sea level rise allows for the carbonate factory to establish
a period of progradation classified as the B- and A-Sequences (Heydari and Baria,
2006a). Mudstones grade upward into grainstones from a basinal environment to higher
energy oolitic facies. Middle Smackover, or B-sequence, time marks the period of
deposition of large ooid shoals and beach lithofacies. These shallow-water deposits are
restricted to updip limits of the Smackover at this time (Benson, 1988).
Sea level continued to transgress, but at a slower rate into the B-sequence (Fig. 5)
of the Smackover Formation. During this time, wackestones and packstones deposit in
basinal settings that grade upward into grainstones that reflect prograding shoal
complexes in beach environments. The occurrence of turbidites is suggested to be related
to adjacent major rivers during the lowstand systems tract of the B-cycle (Heydari and
Baria, 2006a).
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The B- and A-sequences do not completely overlap the C-sequence. The Csequence was subaerially exposed as the next two sequences developed seaward of the
previous shoreline.

Figure 5

B-sequence Highstand Systems Tract of the Smackover Formation

(from Heydari and Baria, 2006a)
Subaerial exposure surfaces are boundaries between the sequences and represent
unconformities (Heydari and Baria, 2006a). The Upper Smackover is the time where
sedimentation outpaces the rate of sea level rise, or sea level begins to fall, both of which
result in formation of shallow water carbonate facies. The deposition of the A-sequence
in response to this change in sea level rise did not overlap the B- and C-sequences toward
the updip limits (Fig. 6) resulting in continued exposure to meteoric processes (Heydari
and Baria, 2006a).
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Figure 6

A-sequence Highstand Systems Tract of the Smackover Formation

(from Heydari and Baria, 2006a)
The Upper Smackover reflects an increase in energy over Lower Smackover
facies (Meendson et al., 1987). The increased amount of carbonate production over sea
level rise led to progradational features that would be periodically subaerially exposed at
the crests.
Lithostratigraphically, the Lower Smackover Member is comprised of dense, dark
basinal mudstones that grade into the porous, oolitic grainstones of the Upper Smackover
Member. However, chronostratigraphically, the C-cycle contains oolitic grainstones near
the top that is overlain by lower energy packstones and wackestones of the B- and Acycles. Differentiation of the chronostratigraphic and lithostratigraphic sequences of the
Smackover is important to discussions of reservoir potential. The Upper Smackover may
lithostratigraphically contain the A-cycle and parts of the B-cycle. However,
interpretations of Upper Smackover lithologies along the northern basin margin may be
inaccurate because the A- and B-cycle did not extend as far inland as the C-cycle. This
10

model suggests that the updip Smackover is almost all Upper Smackover
lithostratigraphically, but probably the C-cycle chronostratigraphically.
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CHAPTER II
LITERATURE REVIEW

updip Smackover
The importance of the updip limit of the Smackover Formation to the knowledge
base of petroleum systems is that hydrocarbons can migrate into stratigraphic traps where
porous Smackover rocks pinch out against an impermeable seal. Stratigraphic traps
occur where porous reservoirs terminate against adjacent impermeable, seals. The updip
limit of the Smackover Formation has been mapped in the northern basin setting, but at
large scales. Meendson et al. (1987) displayed a Smackover isopach map from a dataset
of electric logs, however, this isopach map displayed a larger scale than the proposed
study area from approximately Clarke County to the Mississippi coastline.
The updip Smackover Formation, shown in Fig. 7, is defined as the area between
the Pickens-Gilbertown fault system and the updip limit of the Smackover Formation at
the location of stratigraphic pinch out (Benson et al., 1996). The thickness distribution of
the Smackover Formation becomes less influenced by salt uplift north of the PickensGilbertown faults.
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Figure 7

Geographic representation of updip Smackover trend between the
Peripheral Fault Trend and the updip limit of the Smackover Formation

(from Pearson, 2011)
Previous studies on hydrocarbon exploration in the updip Smackover have been
extensively performed in southwest Alabama, northern Louisiana, and northeast Texas
(Benson, 1996; Heydari and Baria, 2006b; Llinas, 2003; Mitchell-Tapping, 1984).
However, few studies have been conducted on the updip reservoir potential of the
Smackover Formation in Clarke County, Mississippi despite its adjacency to producing
fields in southwest Alabama.
Thickness Distribution
The Smackover Formation overlaps the Norphlet Formation and overlies PreMesozoic rocks near the updip limit (Meendson et al., 1987). The Smackover lithologies
show an increase in energy in Upper Smackover time after the deposition of the Lower
13

Smackover towards the northern basin margins (Meendson et al., 1987). Previous insight
on the thickness of the Upper Smackover in the northern basin margin stated that the
Upper Smackover thickens toward the updip limits (Benson, 1988). This suggests that
Upper Smackover sedimentation was greater toward the updip limits. However, a greater
amount of accommodation space would occur more basinward in the subsiding interior
salt basins. Instead, the increase in depositional energy towards the updip margins would
result in lithologies more indicative of upper Smackover high-energy carbonates.
Near the updip margins, the lateral variation of Smackover lithofacies and
thickness distribution will be less influenced by salt uplifts and more influenced by
basement paleotopography prior to deposition. Oxley et al. (1968) identified three
structural areas that affect deposition in the Jurassic: 1) salt uplift, 2) regional fault
systems, and 3) Paleozoic fold belt. From Fig. 2, all three of these structural settings
occur within the study area. The updip limit of the Smackover Formation should occur
adjacent to Paleozoic basement highs north of the regional fault system and major salt
features. However, the effects of salt uplift and regional fault systems on Smackover
thickness will be addressed in the following sections.
Salt Uplift
The first structural setting to be addressed is salt uplift. Oxley et al. (1968)
identified these structures as an influence on Jurassic deposition. The central parts of the
Mississippi Interior Salt Basin (MISB) are characterized by the occurrence of
intermediate-, high-amplitude, and diapiric salt structures to low-amplitude salt pillows
and peripheral salt ridges. Hughes (1968) identified the four primary salt tectonic zones
based on the amplitude of the salt structures that are shown in Figure 8. These salt
14

structures increase in amplitude and thickness basinward of the Smackover pinch out.
Some structures can cause thinning or lateral separation of overlying Jurassic formations.
Halokinesis, or salt movement, is mainly initiated by mechanisms of buoyancy
and differential loading. Salt is typically of a higher density than newly deposited
sediment, but over time, compaction and continued sedimentation increases overburden
weight to a point where halokinesis can initiate. Higher sedimentation rates can result in
higher-amplitude salt structures due to an increase in overburden weight. Sedimentation
concentrated adjacent to pre-existing salt structures can result in thicker sedimentary
sections that can differentially load the salt with higher overburden weight on the flanks
of the salt structure that force the salt vertically.

Figure 8

Salt Zones

(from Hughes, 1968)
Salt structures are common in the MISB. The thickness of the salt layers are not
evenly distributed both because of the limitations of well data atop shallow salt structures
such as diapiric features and along the northern basin margin. The original thickness of
15

the Louann Salt, prior to halokinesis, cannot be accurately ascertained. However, it has
been suggested that the original thickness of the salt was proportional to the height of
present-day salt structures (Hughes, 1968). For example, high-amplitude and diapiric salt
structures had a greater original thickness than low-amplitude salt structures possibly due
to a greater amount of salt thickness that sourced the features. Thicker, diapiric structures
occur more commonly in the central parts of the MISB. Salt structures are typically thin
to absent along paleotopographic highs such as the Wiggins Arch or the Conecuh Ridge
(Salvador, 1991). The amount of salt in the supply layer controls the intensity of the salt
structures. However, salt does not require any particular thickness for structural
movement to take place (Hughes, 1968).
This literature synthesis will mainly address the salt structures that are likely to be
encountered in the study area such as the low-amplitude salt pillow and peripheral salt
ridge zones. However, analogs will be made from the diapiric and high-amplitude
structures that can uplift the Smackover closer to wave base or subaerially expose the
Smackover.
Salt Pillows and Peripheral Salt Ridge
Low-amplitude structures such as the salt pillow zone are updip of the highamplitude salt anticlines and diapiric structures. The salt pillow zone is orientated in a
ridge-like pattern that parallels the Peripheral Fault Trend. Faulting above the crest of
this salt feature shows little structural expression above the Haynesville Formation.
Mesozoic rocks are not pierced by the low-amplitude salt pillows, but the upward
movement of salt develops an anticlinal trap that accumulates Smackover hydrocarbons.
16

The Smackover Formation generally conforms to salt structures in this area (Hughes,
1968). This suggests that salt movement was not as intense as the downdip areas.
Adjacent to the updip limit of salt is the peripheral salt ridge zone that parallels
the Peripheral Fault Trend on the south side. In Fig. 8, the Peripheral Salt Ridge is the
northernmost zone on the map view and the right most structure on the cross-section
view. The northern structure shown from Quitman Field (Fig. 8) is an example of a
peripheral salt ridge structure in Clarke County, Mississippi. Structural characteristics of
the salt ridge are structural dips that are steeper on the north side of the ridge than the
south side (Hughes, 1968).
Structures in overlying formations above the peripheral salt ridge are similar to
the salt pillow structures. The overlying sediments above the ridge are not pierced by salt
and Smackover beds usually conform to the peripheral salt ridge. Thinning of the
Smackover over the salt pillows and peripheral salt ridges was not stated by any prior
researchers, but can be likely.
The Smackover Formation typically thins over the crests of the salt structures and
is thicker adjacent to the structures. In some cases, lateral separation of the Smackover
can occur at the crest of a high-amplitude salt structure (Hughes, 1968). This lateral
separation could either be due to a diapiric structure that has pierced through the
Smackover or has uplifted and subaerially exposed Smackover rocks toward the crest of a
salt structure at the time of deposition. The thinner units of Smackover on top of salt
structures suggest that halokinesis began to initiate prior to and was contemporaneous
with Smackover deposition. However, the salt movement can cease and then reinitiate in
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response to sedimentation rate. A higher sedimentation rate can result in increased
overburden weight that can differentially load underlying salt.
Peripheral Fault Trend
Adjacent to the salt pillow and peripheral salt ridge structures lies an arcuate band
of fault systems known as the Peripheral Fault Trend. The Mexia-Talco-South ArkansasPickens-Gilbertown-Pollard fault systems extend from eastern Texas to southwestern
Alabama and the panhandle of Florida. This literature synthesis will mainly address the
Pickens-Gilbertown fault systems that lie in the study area. Faults associated with the
Peripheral Fault Trend pierce Jurassic and Cretaceous beds. Literature on these particular
fault systems is limited, but seems to suggest that faults were related to basinward salt
gliding (Cloos, 1968; Hughes, 1968; Sassen and Moore, 1988).
Cloos (1968) used experimental clay models to represent the likely structural
development of the Peripheral Fault Trend. He concluded that basinward salt gliding
produced the arcuate pattern of fault zones that coincide with the updip limit of salt
tectonics. Differential loading of salt in the deeper parts of the basin led to higher
amplitude structures that withdrew salt at the basin margin to maintain structural
movement. As salt withdrew from the basin margin near the updip limit, sediments that
were anchored to an unyielding basement floor produced a breakaway zone. Increased
differential loading and subsequent salt gliding propagated these fault systems (Cloos,
1968; Hughes, 1968). Basinward salt gliding occurred as the salt source layer was being
exhausted by vertically migrating high-amplitude structures in the central parts of the
basin. To maintain this vertical migration, the source near the updip limit of salt flowed
basinward to supply the migrating salt structures. Hughes (1968) stated that the throw of
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the faults typically increase with depth into Middle to Early Cretaceous beds and then
throws rapidly decrease with depth and almost die out in Jurassic beds, which suggests
that structural movement of salt and the associated fault systems were greater in the
Cretaceous. However, Hughes (1968) stated that the faults were active after a few
hundred feet of Norphlet deposition with the most active fault movement in formations
younger than the Jurassic judging from the amount of throw. A majority of the literature
suggests that these faults were most active after Smackover deposition (Meendson et al.,
1987; Jackson and Harris, 1982).
It can be speculated, from past studies, that the Peripheral Fault Trend and salt
tectonics share some common genetic relationship in terms of structural development.
Increased vertical migration of salt in the basin center could probably result in increased
fault movement near the northern basin margin due to basinward salt gliding.
Alternatively, a cease in salt movement in the Early Cretaceous could result in a cease in
structural movement of the fault systems and could allow northward migration of
hydrocarbons past upthrown fault traps into updip basement traps in the Early Cretaceous
(Mancini et al., 2003; Sassen and Moore, 1988).
Paleozoic Fold Belt
The next structural province to be addressed within the study area is the Paleozoic
Fold Belt north of the Peripheral Fault Trend. The Paleozoic Fold Belt is a structural
complex that in Clarke County consists of basement rock of Appalachian-Ouachita
origin. Meendson et al. (1987) suggested that the updip limit of Jurassic rocks is parallel
to the trend of the Ouachita orogeny and is adjacent to the southwestward extension of
the Appalachian tectonic belt. Oxley et al. (1968) suggested that the Paleozoic rocks are
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of Appalachian origin due to the N 30 ˚ E strike trending surface, shown in Fig. 9.
However, the Central Mississippi Deformed Belt is also considered to be of Ouachita
origin due to the coincident nature of the Pickens-Gilbertown fault zone (Harry and
Londono, 2004).
The implication of the paleotopography prior to Smackover time is that if the
Ouachita belt is more dominant then the updip limit of the Smackover will be more linear
such as has been displayed in previous studies (Heydari and Keyes, 2003).
Alternatively, if the paleotopography was of an Appalachian basement, then the
updip limit of the Smackover would possibly be of a more arcuate, sinuous pattern as it is
seen in southwest Alabama. The implications on thickness distribution will be affected
by the trend in the basement ridges. A sinuous pattern of the Smackover zero contour on
isopach thickness would be coincident with N 30 ˚ E strike trending ridges. The adjacent
side of the ridges would be the site of Smackover deposition and any likely reservoir
rocks.
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Figure 9

Paleozoic rocks trend

(modified from Oxley et al., 1968)
Jurassic sediment thickness trends in Alabama show a pattern with a ridge and
valley basement complex controlled by a right-lateral, northwest trending wrench fault
(Miller, 1982). This study showed Jurassic thicker isopach thickness trends of the
Smackover and Haynesville Formations in the Wilcox and Covington Embayments in
Alabama adjacent to structurally higher Paleozoic ridges, where Jurassic beds are thin to
absent on the crests of the ridges.
This structural setting has been identified as a play known as the Updip Basement
Play that was discovered in 1970 at Toxey Field in Choctaw County, Alabama (Mink and
Mancini, 1995). The Updip Basement Play in southwest Alabama occurs in three areas
known as the Choctaw Ridge, Conecuh Ridge, and Conecuh Embayment. This play may
exist in Clarke County, Mississippi with the presence of: 1) alternating paleotopographic
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highs and lows, 2) reservoir-quality rocks, and 3) an effective seal rock overlying a
reservoir rock.
Reservoir-Seal System
This section will discuss the common types of reservoirs that are encountered in
the Gulf Coast region and the overlying seal rocks that cap the reservoirs. In many areas,
the updip margins are composed entirely of Upper Smackover lithologies (Benson, 1988;
Dinkins; 1968).
The Smackover in Clarke County is composed dominantly of carbonates
(Dinkins, 1968). The dominant reservoirs in Clarke County, MS are porous, oolitic
grainstones of the Upper Smackover. Primary, interparticle porosity is most common,
which is laterally continuous along the northern basin margin (Badon, 1974; Meendson et
al., 1987). The Smackover producing fields of southwest Alabama in the updip
Smackover consists almost entirely of Upper Smackover lithologies (Benson, 1988).
Producing Smackover fields in Clarke County, such as Harmony field, produces from
oolitic grainstones. These grainstones were also deposited in shallow Jurassic seas
(Lieber and Carothers, 1983).
It is likely that the updip Smackover Formation consists mostly of Upper
Smackover lithologies similar to southwest Alabama (Benson, 1988; Heydari and Baria,
2006b). However, the use of the term of Upper Smackover suggests that these lithologies
are of late Smackover deposition after the major transgression. Sea level of the Csequence extended farther inland than the B- and A-sequences. The C-sequence grades
from basinal mudstones into oolitic grainstones that were continually subaerially exposed
after deposition. This suggests that lithologies that are similar to Upper Smackover
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reservoirs are actually of Lower Smackover in origin chronostratigraphically. In respect
to time, the A-sequence shoreline lies basinward of the C-sequence shoreline (Heydari
and Baria, 2006a).
Shoaling Upward Cycles
The shoal complexes were deposited under moderate to higher energy conditions
that prograded parallel to the basin margin during a sea level highstand (Meendson et al.,
1987; Heydari and Baria, 2006b). The shoal complexes grade upward from more matrixsupported mudstones, packstones, and wackestones into grain-supported grainstones that
formed a prograding barrier (Heydari et al., 1995). Three cycles were deposited during
Smackover deposition, however, it is likely that shoreward only one to two cycles may be
present near the updip limits.
The cycles decreasing in thickness upward in the Smackover (Benson, 1988)
suggests that periodic subaerial erosion removed parts of the shoal complexes that could
be the result of either structural movement in the more central parts of the basin; or
fluctuating sea level toward the updip limits. The ooid grainstone reservoir should be
parallel to the Smackover pinchout (Heydari and Baria, 2006b). However, this statement
was made based on data at Little Cedar Creek Field, but can possibly be parallel
basinward. Grainstone shoals are less common basinward and occur locally over the
crests of high-amplitude salt structures (Heydari et al., 1995; Heydari and Baria, 2006a).
Tidal Flat Complexes
Sea level stillstands or lowstands can result in the deposition of tidal flat
complexes shoreward of the ooid shoals. The Upper Smackover packstones and
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grainstones grade downdip to updip into grain-supported carbonates, algal boundstones,
dolomitic wackestones and packestones that reflect environmental changes from ooid
shoals to tidal flat complexes in a lagoonal setting (Meendson et al., 1987).
Tidal flat facies in the Smackover shoreward of the ooid shoals deposited due to
the restriction of the ooid shoal complexes in lagoonal settings (Benson, 1988; Benson et
al., 1996; Mitchell-Tapping, 1984). The shoaling upward cycles developed barriers to
marine circulation that created a low-energy setting shoreward.
These tidal flat complexes consist of peloidal and oncodial packstones and
wackestones influenced by local terrigenous influx and common algal growth (Benson,
1988; Mitchell-Tapping, 1984). The lagoonal mudstones can create good seals during
periodic sea level fall (Benson, 1988). If algal growth and terrigenous influx occurred
prior to the deposition of mudstone, then an effective stratigraphic trap may be produced.
Reef Complexes
The presence of algal laminites and algal growth in lagoonal environments of
southwest Alabama suggests that reef facies could develop in the same settings as the
tidal flats. Reef facies are common along basement ridges, upthrown fault blocks, and
upthrown salt-cored fault blocks (Baria et al., 1982). Reef facies develop seaward of the
ooid shoal complex and have been documented at Pachuta Creek, Harmony, and Nancy
Fields in Clarke County and Melvin Field at the border between Clarke County,
Mississippi and southwest Alabama (Baria et al., 1982).
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Dolomitized Smackover
Dolomite and associated reservoir grade porosity can be developed adjacent to the
Smackover updip limit (Meendson et al., 1987). The dolomitized intervals of the
Smackover are highly porous and permeable reservoirs given the presence of an effective
seal rock (Heydari and Keyes, 2003)
Dolomitization is most common near the updip limit and across paleohighs such
as high-amplitude salt structures, Wiggins Arch, and Conecuh Ridge (Benson, 1988;
Heydari and Keyes, 2003). Studies indicate that the dolomitization processes in the
Smackover were due to sea water salinities from normal marine salinity to four times the
normal level of marine salinity during deposition of the Buckner Anhydrite Member that
resulted in alternating layers of anhydrite and mudstone (Heydari and Keyes, 2003).
Removal calcium during the deposition of anhydrite (CaSO4) left a magnesium-rich brine
resulting in the precipitation of dolomite in Smackover grainstones that were exposed
over the crests of salt structures in Wayne County (Heydari and Keyes, 2003). This
research concluded that dolomitization occurred on paleotopographic highs, however,
focused on the dolomitization over salt structures and can be analogous to the updip limit
due to dolomitized Smackover rocks being common adjacent to the updip limit
(Meendson et al., 1987).
Buckner
The Buckner Anhydrite can be a very effective seal rock for Smackover
Formation reservoirs in the upper portions. The anhydritic layers of the basal
Haynesville developed in coastal sabkha environments along the updip margin and across
paleotopographic highs (Benson, 1988). This suggests that the updip limits and basement
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ridge play fields should likely contain a Buckner seal. However, some areas contain a
Buckner that is too thin or less anhydritic (Mink and Mancini, 1995). The Buckner
would not seal hydrocarbons in Smackover reservoirs in this case. Hydrocarbons from a
Smackover reservoir would then leak into Haynesville sand at the base of impermeable
shales.
The general trend of porosity types in the Smackover Formation in Clarke
County, Mississippi are represented in Fig. 10. The trend in the porosity types may give
some insight in this study about depositional trends in Clarke County and indications for
reservoir-grade porosity.

Figure 10

Porosity types of the Smackover Formation in Clarke County, Mississippi

(modified from Meendson et al., 1987)
26

Migration and Maturity
After deposition, diagenetic alteration of the Smackover Formation occurred at
depths ranging from 6,000 feet to 20,000 feet and experienced temperatures from 50 to
200 C. The dominant kerogen type in the Smackover consists of algal remains
(Meendson et al., 1987; Heydari et al., 1995). However, the Smackover becomes
increasingly thermally immature from central parts of the basin towards the updip margin
(Fig. 12) based on data from updip wells such as well API # 23-023-00270000 in Figure
11 (Mancini et al., 2003).

Figure 11

Burial History of Well API# 23-023-002700000

(from Mancini et al., 2003)
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Figure 12

Thermal Maturity window of the Smackover

(modified from Sassen and Moore, 1988)
Salt movement is suggested to have ceased in the early Cretaceous because the
supply was temporarily exhausted, but re-initiated in the Kimmeridgian stage. However,
the delay in salt movement allowed Smackover hydrocarbon to migrate into Paleozoic
basement traps that were still developing into the Tertiary (Mancini et al., 2001).
Migration into adjacent reservoirs occurred from the Early to Late Cretaceous in a
southwest to northeast direction and postdates establishment of porosity (Mancini et al.,
2003; Meendson et al., 1987). The timing of migration is coincident with timing of
structural movement in the Mississippi Interior Salt Basin (MISB). The Peripheral Fault
Trend has been suggested to have been active during Jurassic deposition and even
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possibly started after the deposition of the Norphlet Formation (Meendson et al., 1987;
Hughes, 1968).
However, hydrocarbons could not have migrated at Smackover time, since
generation postdates any structural movement at that time. Figure 13 shows the timing
and direction of migration that occurred from Early to Late Cretaceous in a northwesterly
direction noted by the black arrows.

Figure 13

Timing of Migration

(from Mancini et al., 2003)
Basinward salt gliding cause structural movement of the Pickens-Gilbertown fault
systems due to overlying formations being anchored to basement rock at the northern
basin margin. The majority of this structural movement occurred at the time of lower
Haynesville deposition through the Cretaceous and Cenozoic. Evidence stated previously
of structural movement from the throw of the faults increasing in the Cenozoic and
Cretaceous and dying out in Jurassic beds suggests that faulting in the Jurassic is minor
(Hughes, 1968; Meendson et al., 1987).
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Quitman Field displays how the throw of the faults are greater in Cenozoic beds
and less to none in deeper Jurassic beds. This area is prone to salt tectonics too, but the
Smackover generally conforms to the low-amplitude salt structures. Quitman Field lies
south of the Pickens-Gilbertown fault system. These faults can result in vertical
migration of hydrocarbons out of the Smackover Formation and into overlying strata
(Mancini et al., 2003). The Quitman Field cross-section in Figure 14, from Hughes in
1968, shows slight structural upthrown and downthrown blocks in the Smackover.
Hydrocarbon accumulations could reach a spill point where hydrocarbons could migrate
northward into updip basement traps.

Figure 14

Cross-Sectional View of Jurassic beds in Quitman Field

(from Hughes, 1968)
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Trap formation for Smackover accumulations predated migration during the early
Cretaceous (Mancini et al., 2003). In Fig. 15, a critical moment chart shows that the
critical point for northern basin margin was around the Late Cretaceous where source
rock deposition to hydrocarbon migration occurs one after another in a timing conducive
to hydrocarbon accumulations (Mancini et al., 2003). However, trap formation and
migration overlaps to some extent. It is likely that some hydrocarbons were not
sufficiently trapped as traps were still forming.

Figure 15

Critical Moment Chart

(modified from Mancini et al., 2003)
The common seal of Smackover Formation reservoirs is the Buckner Anhydrite
Member of the Haynesville Formation. The deposition of the Buckner pre-dates any
migration in the Early to Late Cretaceous. However, towards the northern basin margin
the Buckner becomes increasingly thin to absent over paleotopographic highs. Appleton
field contains a Buckner thickness from 4 to 98 feet (Benson et al., 1996).
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Another possible trap that has been studied is the tight, non-porous units in the
Smackover Formation (Benson et al., 1996). This mudstone is fairly dense with little to
no porosity or permeability.
Meendson et al (1987) stated that wells did not encounter a productive Smackover
Formation north of the Pickens-Gilbertown fault system in southeast Mississippi. There
are currently still no wells that have producing zones in the Smackover Formation north
of Quitman Field. However, a study concluded that the updip Smackover could contain
an approximate mean of 78 million barrels of oil (MMBO) based on recent assessments
(Pearson, 2011).
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CHAPTER III
METHODS

Methods utilized in this study consisted of well log correlation, subsurface
mapping, 2-D seismic interpretation, and core slab description. Well log correlations
were accomplished by observation and type-log generation. Subsurface mapping was
done by constructing grids to output structure top and isopach maps from the observed
well data points from well log correlations coupled with cross-section analysis. These
methods were conducted using IHS PETRA software, which is a subsurface software
package that handles, but not limited to, well data management, log correlation, and
subsurface map generation. Seismic line analysis was performed from observations of
high-amplitude, subparallel seismic reflectors and compared to past studies of Jurassic
formations and their respective seismic reflectors.
The study area examined contains 584 well sites within a 431 square mile area.
The well dataset consisted of: Surface location with latitude and longitude coordinates,
monthly and cumulative production, interval depth of cores, initial production (IP) tests,
hydrocarbon shows, and raster well logs.
The well base map (Fig. 16) shows a data bias with a greater majority of well sites
in the southern margin of the study area. Most well sites are located near the Quitman
and Junction City Fields in the southern parts of the study area. However, most of the
well sites do not fully penetrate the Smackover Formation or an equivalent depth. The
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well locations in Figure 16 are those of which that penetrated the Smackover or at an
equivalent depth that were observed in this study.

Figure 16

Well Location Base Map

Well Log Correlation
Prior to well log correlation, the well locations were reduced by total measured
depths (MD) exceeding values of 10,000 feet. These wells were first observed and
correlated with further investigations in shallower penetrating wells near the updip limits.
A general type log was identified that contained the most complete amount of
section. From this point, a relative strike- and dip-oriented cross-section was made that
intersected. This developed a correlation grid, where not one type log was used but
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several type logs characteristic of stratigraphic intervals over the sub-regional study area.
An example of this type log of Jurassic strata commonly encountered in the MISB is
shown in Figure 17 from a study done in nearby Wayne County by Requarth et al.
(2000).

Figure 17

Type Log Example

(from Requarth, 2000)
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These type logs were chosen that were consistent of characteristics log signatures
across the study area that agreed with previous studies (Requarth et al., 2000; Mancini et
al., 1990, Moore and Druckman, 1981; Meendson et al., 1987). The tops of the Louann
Salt, Norphlet Formation, Smackover Formation, and Buckner Anhydrite Member of the
Haynesville Formation were correlated based on their log signatures. The logs were
observed from top to bottom starting at depths from 9,000 feet and 10,000 feet to the end
of the log, or total depth (TD).
Approximately 122 well sites were used in this study that contained regional
correlative log signatures. Raster log datasets consisted of: spontaneous potential (SP)
and resistivity most commonly, with sonic, gamma ray, and mud logs available for some
wells. The next section will discuss the common types of wireline logs that were used in
this study. This section will discuss what the logs are, what they measure, and typical
representative log signatures for the formations being observed.
Spontaneous Potential (SP) is a wireline log that measures the electric potential of
a formation in units of millivolts (mV). SP can be used to distinguish between shale,
with a higher SP, and sand layers with a lower SP. SP can also be used to determine the
location at depth of permeable formations.
Resistivity is a measure of a formation’s resistance to the flow of an electrical
current in ohm-m. Higher resistivity values are related to higher hydrocarbon saturation
or formations with a lower porosity. When resistivity and SP are coupled together, the
difference can be identified. A high hydrocarbon content will have a lower SP value,
whereas a non-porous medium may have a higher SP value. Porous zones can be
identified by a lower resistivity value.
36

Gamma Ray (GR) measures the gamma radiation of a formation in units of API.
Shales will typically emit higher gamma radiation due to the radioactive components of
their clay content.
The top of the Buckner Anhydrite was picked by a strong increase in SP and
Resistivity. The differing characteristic of the Buckner from the Haynesville was a boxy
pattern in resistivity from a lower, serrated resistivity in the rest of the Haynesville.
The contact between the Smackover and the Buckner is marked by a sharp
boundary between SP and resistivity. SP and resistivity decrease very sharply at the
contact. This correlation was made throughout the study area.
The top of the Norphlet Formation was correlated based on gradual increase in SP
with a slight kick to the left. The boundary is also marked by a lower resistivity and
where the deep, medium, and shallow induction logs separate. The Denkman Member
was included in the Norphlet Formation due to the variation in its possible origin.
The top of the Louann Salt was marked by a sharp boundary below the Norphlet
Formation where resistivity increases very rapidly.
Some well sites encountered Paleozoic basement rock that had a high resistivity,
high SP, and low gamma ray log signature. These tops were picked, but an alternate pick
of Pre-Smackover horizon was made that will be addressed in the subsurface mapping
results.
Subsurface Mapping
When a correlative top pick was made based on characteristic log signatures, the
information is saved as a structural top that can be gridded and contoured. This next step
of this research was to appropriately grid the data. During the gridding process, different
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gridding styles with varied grid size were experimented with to determine the best
possible output map. The gridding style used for this research is the highly connected
features/least squares method. The highly connected features grid style is a least squares
gridding method type that utilizes an algorithm that estimates the grid size based on the
amount of Z data. This is a type of regression analysis that interpolates between observed
data points and minimizes the grid size based on the difference between the observed data
points and fitted, or interpolated, data points. When using the default grid size, PETRA
automatically calculates the least amount of squares necessary to fit the observed Z data
points. These grids produce a contour map that automatically smooth contour lines to
represent subsurface features.
Cross-Section Analysis
Sequence Stratigraphic Cross-Section
A chronostratigraphic approach was taken to determine the boundary between the
lower and upper members of the Smackover Formation in Clarke County, Mississippi.
The goal of this step was to determine the log signature of the boundary represented as a
condensed section by a flooding surface. A secondary objective was to determine any
depositional changes in the shoaling upward cycles of the Smackover downdip to updip.
Core observations were first conducted to determine the lithologies present, grain
size, and color in slab form. Observations from the core were then used to correlate the
SP, gamma ray, density, and resistivity well log signatures. The resulting log signatures
were compared to previous studies of the boundary that separates the lower, transgressive
Smackover from the upper, regressive Smackover (Mancini et al., 1990).
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Structural Cross Section
Six well-to-well cross-sections along and across relative depositional strike of the
Smackover Formation were constructed using raster logs. Three cross-sections along
strike were taken downdip of the fault trend in salt uplift prone area, updip of the study
area, and in between the downdip and updip cross-sections just north of the fault trend.
Three cross-sections across strike run south-to-north from the deeper parts of the basin to
the northern margins of the study area.
2-D Seismic Analysis
Two-dimensional, proprietary seismic data was provided for the study area was
used to assist in mapping the isopach pinch out and to locate the stratigraphic pinch out.
The seismic lines were tied to depth by using a velocity function:
Depth (feet) = Velocity (feet/seconds) * Time (seconds) / 2
High-amplitude, sub-parallel seismic reflector peaks were drawn that represent
non-porous surfaces of the Haynesville-Buckner. Low-amplitude, sub-parallel seismic
reflections represented the underlying porous Smackover. The geometry of the seismic
reflectors was compared to past seismic studies (Dobson and Buffler, 1997; Weber,
1980).
Reservoir Rock Investigation
Core Description
Individual core slabs continuous from a starting depth of 11,612’ to 11,672’ in
well API# 23-023-200840000 was located at the Mississippi Geological Survey Core
Warehouse. Descriptions were made of core samples with the purpose of identifying
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possible facies environments and any visible porosity for a reservoir quality rock. The
descriptions were made based on primary lithology, any secondary lithologies and/or
inclusions, sedimentologic features present, and any major diagenetic overprinting.
Well Log Analysis
Raster logs from wells (API# 23-023-200840000, 23-023-200930000, and 23023-205980000) were digitized in order for interpretations to be made from well logs on
reservoir grade porosity. After digitizing the raster log, a shading was applied that
shaded any bulk densities less than the approximate matrix density of limestone (2.61
g/cm3).
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CHAPTER IV
RESULTS

Approximately 10 type logs were used to create a correlation grid that had
representative log signatures with the most complete amount of section that were in turn
correlated against 122 well sites. Well log correlations of the Norphlet-Salt, SmackoverNorphlet, and Buckner-Smackover contacts were made consistently across the study area.
Seismic line analysis was conducted by the integration of a velocity function, generated
subsurface maps, and previous research to determine the depth of the seismic reflectors
and reflector geometries. Quarter core slabs from two well locations in the study area
were described in order to determine reservoir-grade porosity in the updip limits and well
log trends coincide with core to be correlated through portions of the study area.
Subsurface Mapping
Louann Salt Structure Top
Grid statistics for the Louann Salt were represented by a normal curve with a
higher amount of sampled data points in the minimum, or deeper, range with a mean
subsea depth value of -12,095 feet. Grid size of the Louann salt grid was constructed
from the default average grid size calculated by PETRA based on the amount of observed
Z data points. The grid size resulted in approximately 2,599 feet for the X and Y axis
with a total of 16 observed data points.
The structure top of the Louann Salt (Fig. 18) shows a northwest-to-southeast
strike trending surface that dips to the southwest. The salt contours show minor uplift
from structurally higher contours in the southernmost parts of the study area.
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Figure 18

Louann Salt Structure Top and a line drawn (dashed purple) that represents
the approximate updip limit of the salt and salt tectonics

Norphlet Formation Structure Top
The Norphlet structure top map exhibited the same curve trend with a higher
amount of Z data values in the minimum, or deeper, range. The trend in value
distribution is expected due to greater amounts of observed data points in deeper parts of
the study area. Average grid size was approximately 932 feet for the X and Y axis from a
total of 52 observed data points.
The Norphlet structure top map (Fig. 19) shows a northwest-to-southeast strike
trending surface that overlaps Louann Salt. The Norphlet Formation was thin to absent
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near the proposed updip limits of the Smackover Formation and absent where Paleozoic
rocks were observed.

Figure 19

Norphlet Formation Structure Top

Note: This can also represent the transgressive surface of the Smackover Formation
Smackover Structure Top
The Smackover structure top showed a normal distribution curved with a major
peak to the left of the mean and a minor peak to the right of the mean. Mean subsea
depth of the grid was approximately -10,519 feet. The quantity of well control north of
the fault trend becomes increasingly sparse and thus contours created from the grid
become increasingly jagged. Total observed data points of the Smackover structure top
was 105 with an average grid size of 352 feet for the X and Y axis.
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The Smackover structure top surface (Fig. 20) shows a Northwest-Southeast
strike with some possible structural nosing in the contours north of the fault trend in the
western part of the study area. A well northwest of Quitman Field is structurally higher
(API # 23-023-200310000). The resulting contours appear to represent an anticlinal or
upthrown structure either affected by faulting or basement paleotopography.

Figure 20

Smackover Formation Structure Top

Smackover Isopach Thickness Map
The Smackover isopach grid resulted in grid sizes of approximately 584 feet for
the X and Y axis from a total of 65 observed data points. Mean isopach value was 319
feet with higher peaks in the minimum and maximum ranges.
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The isopach thickness of the Smackover Formation shows an arcuate, sinuous
pattern. From west to east of the study area, the Smackover alternates between thick to
thin/absent sections updip. Higher amounts of Smackover thickness were encountered in
the southern parts of the study area. Two thickness anomalies exist in the isopach map
from wells 23-023-200310000 and 23-023-203790000. In well 23-023-200310000,
structurally higher basement rock underlying the Smackover Formation occurs near the
central parts of the map, where the isopach thickness appears thinner. Basement rock
lithology did not have an observable well log signature in the well to the southeast (API#
23-023-203790000). Another structural feature may be present that is affecting
Smackover thickness.
The Smackover Formation shows a greater isopach thickness (Fig. 21) in the
northwestern portion of the study area with a thinner isopach thickness in the
northeastern part of the study area. The resulting contour surface shows a more sinuous
updip limit in the zero contour isopach surface.
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Figure 21

Smackover Isopach Thickness

Buckner Isopach Thickness Map
The Buckner-Haynesville contact pick became increasingly difficult towards the
western portion of the study area. The well log signature in this area was not as apparent
as in the eastern portion of the study area. Approximately 104 observed data points were
used to produce grid sizes of 675 feet for the X and Y axis with a normal distribution in
the statistical calculations.
Buckner isopach thickness ranged from approximately 0 to 200 feet thick in the
study area with thicker sections in the west and thinner sections in the east. The Buckner
was not observable near the updip limits of the Smackover. Well log signatures from
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resistivity and density logs are consistent with the sands, shales, and other anhydritic
lithologies typical of the Haynesville.
The isopach thickness of the Buckner Anhydrite (Fig. 22) represents a thickness
trend that parallels the basin margin that thins to the south and northern margins of the
study area.
The Buckner Anhydrite Member was seldom encountered north of the fault zone.
Isopach thickness map of the Buckner show thicker sections generally indicative of the
fault zone. The Buckner thins rapidly to the northern and southern portions, which is the
deeper and shallower portions, of the study area.

Figure 22

Buckner Isopach Thickness
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Pre-Smackover Horizon Structure Top
Observed data points of a Paleozoic basement structure top only amounted to nine
well sites. Instead, a Pre-Smackover horizon was gridded that represents the structural
tops of lithologies that were present before Smackover deposition. These tops consists of
mostly Norphlet tops in the southern study area and pre-Mesozoic stratigraphy in the
northern study area. This produced 69 observed data points with a grid size of 458 feet
for the X and Y axis with an even statistical distribution. The subsea depth of the top
picks range from -12,800 feet to -7000 feet.
A structure top map of pre-Smackover deposits (Fig. 23) show a similar arcuate
pattern towards the updip margins of the study area. This pre-Smackover horizon is
defined by the Norphlet-Smackover contact downdip and defined by pre-Mesozoic rocks
updip. The observed data points near this margin are absent of occurrences of the
Smackover Formation where the pre-Smackover surface is structurally higher. Figure 24
shows an oblique 3-D view of both the Smackover structure top surface and PreSmackover structure top surface. The ridge and valley alignment comparative to the N
30 ˚ E strike alignment of the ridges indicative of Appalachian in origin, which is similar
to the basement orientation that occurs in south Alabama.
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Figure 23

Structure Top map of a Pre-Smackover surface consisting existing strata
prior to the Smackover.

Cross-Sections
Sequence Stratigraphic Cross-Section
Three cross-sections were made based on a well log that was compared to
available to core samples to define lithologic boundaries. The core description of 23023-200610000 revealed a section of disseminated calcite and anhydrite with vugs
upward. Below this interval was laminated mudstone and interbedded, tan limestone.
The well log that was tied to the core showed a comparative signature. At an
approximate depth of 12,315’, the SP signature showed a slight kick to the right and then
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to the left. The resistivity signature peaked at this same depth and was used as the
boundary between the Upper and Lower Smackover Formation.
Figure 24 show the SP and Resistivity well log compared to the described
intervals in the core. Figure 25 and 26 shows the core photographs of the upper and
lower sections of the examined core samples. The alternating packstones and grainstones
were observable in the upper sections of the core. The lower sections of the core
revealed laminated mudstones toward the bottom with an increase in disseminated calcite
and anhydrite at 12,353’ that is indicative of an increase in energy and an exposure
surface.
The signature was correlative through the southeastern section of the study area
where cross-sections were constructed shown in Figure 27. These cross-sections (Fig.
28) revealed that Upper Smackover thickness is greater than the Lower Smackover
thickness toward the updip limits. Overall the Smackover Formation is thinner, but the
less resistive Upper Smackover lithologies seem to dominate.
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Figure 24

Core Descriptions calibrate to SP and Resistivity log signatures of Well
API # 23-023-200610000

Figure 25

Core photographs of samples from the upper section of the Smackover
Formation in Well API# 23-023-200610000.
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Figure 26

Core photographs of samples from the lower section of the Smackover
Formation in Well API# 23-023-200610000.

Figure 27

Location T-R cross-section in the study area with the Smackover Isopach
Map
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Figure 28

Cross-Section of the difference between the Upper and Lower Smackover

Structural Cross-Sections
Six cross-sections were constructed using raster logs representing structural
configuration along strike of the Smackover and dip lines perpendicular to the strike
lines. The cross-sections represent both the lateral and downdip to updip thickness
changes in the Smackover Formation.
The locations of these cross-sections with their corresponding well locations are
shown Fig. 29. Eight locations were used to construct a well-to-well cross-section along
the structural strike of the Smackover. Smackover shows little variance in thickness
along strike in the deeper parts of the study area.
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Figure 29

Cross-Sections in the Study Area

A – A’ consists of eight well locations from west to east in the southern part of
the study area. The Smackover Formation in A – A’ (Fig. 30) shows very little thickness
variation along strike with the exception of the western most well, where the Smackover
in thinner. The well log from this cross-section also had a discernible lower Smackover
structure top.
B – B’ consists of six well locations from west to east in the middle part of the
study area. The Smackover Formation in B – B’ (Fig. 31) thins near a structurally higher
basement rock in well API# 23-023-200310000. The isopach thickness of the Smackover
Formation varies from 400 to 600 feet thick in the other wells to the west and east to
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approximately 79 feet thick. The well logs from this cross-section had a discernible
lower Smackover structure top with the exception of well in the middle.
C – C’ consists of seven well locations from west to east in the upper part of the
study area near the Smackover updip limit. The Smackover Formation in C – C’ (Fig.
32) is absent at structurally higher basement rock intervals in wells 20688, 20844, and
20829. Smackover isopach thickness is approximately 100 – 200 feet thick in between
these basement rock intervals in wells 00270 and 20598. Most well logs from this crosssection did not have a discernible lower Smackover structure top with the exception of
wells 20171 and 20016 to the east, where the Smackover thickens to 300 – 500 feet. This
is the likely area of the pinch out of the Smackover and shows that the thickness of the
Smackover near the updip limits is variable with an arcuate zero contour surface.
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Figure 30
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A-A’ structural cross-section along strike

Figure 31
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B-B’ structural cross-section along strike

Figure 32
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C-C’ structural cross-section along strike

General south-to-north cross-sections show rapid thinning of the Smackover
Formation in the middle of the cross-section. The Smackover forms a gradually thinning
surface northward in between structurally higher Paleozoic rocks.
D – D’ consists of three well locations from south to north in the western part of
the study area. The Smackover Formation in D – D’ (Fig. 35) thins northward near a
structurally higher basement rock in well 20598. Isopach thickness decreases from 573’
thick in 20656 to 194’ thick in 20598 within a distance of approximately 8.46 miles. The
northern most well lies adjacent to a structurally higher basement rock, shown from Fig.
31. The well log had an observable Buckner Anhydrite structure top in well 20598.
E – E’ consists of five well locations from south to north in the middle part of the
study area. E – E’ (Fig. 34) shows a rapid decrease in Smackover isopach thickness from
578’ to 79’ thick between wells 20145 and 20031. This is also where basement rock
intervals were identified in well 20031 and were structurally higher with no discernible
Norphlet well log signatures. The Smackover isopach thickness increase from 79’ to
105’ thick between wells 20031 and 00270.
F – F’ consists of five well locations from south to north in the eastern part of the
study area (Fig. 35). Between the two southern most wells in F – F’, 20050 and 20379, is
a rapid decrease in isopach thickness from 540’ to 247’ thick within a distance of
approximately 3,127 feet. Isopach thickness increases to 616’ in well 20659 that
gradually decreases to 310’ in 20016 and then 226’ in 20093. The decrease in thickness
decrease between 20016 and 20093 over a distance of 1.88 miles results in an isopach
gradient decrease of approximately 44.7 feet between the two wells.
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Figure 33
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D-D’ structural cross-section across strike

Figure 34
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E-E’ structural cross-section across strike

Figure 35
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F-F’ structural cross-section across strike

2-D Seismic Analysis
Horizons, or formation tops, of the Haynesville-Buckner, Smackover, and
Basement rock intervals were drawn using 2-D seismic data. The tops were drawn based
on the amplitude of the 2-D seismic wiggle traces. The Haynesville-Buckner top was
drawn along seismic reflector peaks that were subparallel to one another along the line.
The Smackover top was drawn along seismic reflector troughs that were subparallel
through the 2-D lines. Basement rock tops was inferred due to the wiggles traces of the
seismic reflector becoming chaotic with no discernible reflector pattern.
In Figure 36, A – A’ shows an example section of the 2-D seismic line across
Smackover strike. The Smackover top appears to terminate against the inferred basement
rock pick with subparallel, peaks of the wiggle traces overlying the Smackover
Formation. B – B’ (Fig. 36) is just east of A – A’ and shows the Smackover top
extending off of the 2-D lines to the north. This compares to the Smackover isopach map
where the pinch out of the Smackover Formation lies north of B – B’, but intersects with
A – A’ where the pinch out is visible. The locations of these sections and there general
position relative to the pinch out is shown in Figure 37.
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Figure 36

Two-dimensional seismic line sections, A-A’ that shows the Smackover
(blue line) termination against a basement rock surface (red dashed line).
B-B’ showing a continuation of the Smackover surface that does not pinch
out adjacent to basement rock.
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Figure 37

General locations of A-A’ and B-B’ from figure 38 with the zero contour of
the Smackover isopach map.

Reservoir Investigation
Core Description
Initial observations of core slab samples were conducted with the purpose of
locating changes in core lithology. The locations where the lithology changed from finergrained to coarse-grained were sampled at depth. Descriptions from upper sections of the
Smackover Formation in wells 20084 and 20061, as well as lower sections of the
Smackover Formation in 20061, revealed some porous intervals. Most of the core
samples, however, displayed significant diagenetic overprinting.

65

Figure 38

Photograph of core sample from Well API# 23-023-200610000 at a depth
of 11,921’

Near the top of the Smackover Formation in the upper portions of the core at a
depth of 11,921’, oomoldic porosity was observed through a microscope. The sample, in
Figure 38, was light in color, sucrosic, and contained some ooids. Most of the ooids,
however, were not there; leaving behind a porous texture that was fairly connected.
Dolomite inclusions were also present in the sample. Strong diagenetic features were
present in depths of 11,914’, 11,942’, 11,947’, 12,314’, 12,319’, 12,323’, 12,324’, and
12,336’ in the samples that contained no visible porosity. Figure 39 shows some of the
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diagenetic overprinting of the core samples. Some samples did contain vuggy porosity,
however, the vugs were not connected.

Figure 39

Photograph of core sample from Well API# 23-023-200610000 at a depth
of 12,323’

Near the top of the Smackover Formation in the upper portions of the core at a
depth of 11,670’, porosity was observed through a microscope. The core sample from
well API# 23-023-200840000 is shown in figure. 40, contains some minor porosity. The
core sample is stained with an alizarine-red that shows calcite and unstained, white
dolomite. The porosity in the center of the photo is very small and not connected. The
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porosity was not observable in hand sample and had to be observed under a microscope.
The other samples observed at depths of 11,620’, 11,630’, 11,640’, 11,650’, and 11,660’
contained no visible porosity with strong diagenetic overprinting.

Figure 40

Photograph of core sample from Well API# 23-023-200840000 at a depth
of 11,670’

Well Log Analysis
Two well log curves from wells 20084 and 20093 were digitized along bulk
density curves in order to identify possible reservoir properties in the Smackover
Formation adjacent to the updip limits. A shading value of 2.61 g/cm3, which is the
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matrix density of limestone, was applied to shade the log curve in blue. This, in theory,
should show sections with a lower bulk density values that may be indicative of a porous,
reservoir rock.
The digitized density log from well API# 23-023-200840000 contained very little
sections with a limestone matrix density less than 2.61 g/cm3. Lower density values are
sparse through the Smackover section with most of the lower density values near the
Smackover-Norphlet contact at the base of the Smackover. However, lower bulk density
values occur in the middle of the Smackover, but are sparsely distributed. Well API# 23023-200930000 showed Smackover sections with lower bulk density values than the
matrix density of limestone. The digitized bulk density curve shows a trough in bulk
density at the Smackover-Haynesville contact that overlies less dense limestone.
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Comparison of well logs from three wells (20084, 20093, and 20598) adjacent to the updip limit of the Smackover
Formation and a well log that had Smackover production near Quitman Field.

Wells 20084 and 20093 contain bulk density logs that were digitized and shaded using a cutoff value of less than 2.61 g/cm3 in
blue.

Figure 41
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CHAPTER V
DISCUSSION

The updip limit of the Smackover Formation is less affected by salt uplift in the
northern basin margins. The Smackover isopach map (Fig. 21) extends past the structure
top (Fig. 18) of the Louann Salt. Salt features are either more sparsely distributed or not
present north of updip limit of salt, which would in turn be less of an influence on
Smackover thickness.
The structure top of the Louann Salt, shown in Fig. 18, shows structurally higher
contour lines indicative of minor uplift in the southernmost parts of the study area that is
possibly in the low-amplitude salt pillow zone (Hughes, 1968). The presence of salt was
unrecognizable north of the hinge-line fault systems. This agrees with the previous
studies that the updip limit of salt tectonics is coincident with the fault trend. The
Smackover cannot likely be influence by salt tectonics in the northern zones. This leaves
only the Pickens-Gilbertown hinge-line fault system and basement paleotopography as
other likely structural influences on updip Smackover deposition in Clarke County.
The updip limit of the Smackover Formation is not as linear (Fig. 21 and 42) as
has been indicated in past studies (Meendson et al., 1987). The sinuous pattern of the
Smackover isopach map indicates the presence of paleotopographic highs and lows from
basement ridges. A-A’ (Fig. 30) shows very little thickness variation until the western
most well where salt uplifts could have occurred. B-B’ (Fig. 31) shows that Smackover
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thickness is inversely related to the structural height of the Paleozoic basement rocks and
begins to shows some variation in Smackover thickness. In the C-C’ cross-section (Fig.
32), the Smackover was not observed in wells 20688, 20844, and 20829 where
structurally higher basement rock was encountered. Adjacent to the structurally higher
basement rock were thicker sections of the Smackover Formation. The alternating
thickness trend is indicative of the ridge and valley complexes seen in south Alabama.
The 2-D seismic interpretation of B-B’ indicates the presence of a possible paleohigh
where the Smackover Formation terminates on the south side coincident with the updip
limit from the isopach map (Fig. 36). To the east, A-A’ shows a Smackover top that
continues off of the seismic line northward.

Figure 42

Interpretation of Smackover Structural Top within pinch out of isopach
thickness
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The sinuous trend of the zero contour, updip limit of the Smackover Formation,
and thickness trends (Fig. 21 and 42) are coincident with strikes of Paleozoic rocks (Fig.
9 and 23). The alignment of the ridges and the updip limit of the Smackover suggest that
the Smackover in Clarke County, Mississippi contain similar paleotopographic settings as
south Alabama influenced by Paleozoic rocks from Appalachian origin. This would be
classified as the updip basement play of the Smackover Formation if economic amounts
of hydrocarbons exist in the updip Smackover Formation in Clarke County.
However, the maps constructed from well log top picks that were based on type
logs and previous research could be subject to change due to an approximate uncertainty
from 10 to 100 feet. This level of uncertainty will vary from well to well and formation
tops. The picks were thoroughly examined in order to decrease this uncertainty. Further
research with greater well control adjacent to the updip limits would need to be
conducted for greater detail and resolution.
Towards the updip margins, the Smackover consists of almost entirely Upper
Smackover lithologies from high-energy carbonates such as grainstones and packstones.
The lower section of the Smackover was not discernible adjacent to the updip limits. The
dense mudstones of the lower Smackover possibly pinch out basinward of the updip
limit. However, the updip Smackover is possibly chronostratigraphically the C-Sequence
that deposited during the initial, rapid transgression that extended farther landward than
the B- and A-sequences based the work done by Heydari and Baria (2006a).
Lower Resistivity and Density values in the updip Smackover are indicative of a
reservoir quality rock. A very sharp boundary of a resistivity trough in well API# 23023-200930000 could be indicative of a fractured dolomitized rock overlain by mostly
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Haynesville rocks. The Buckner Anhydrite does not seem to be present in this log and it
is likely that the Haynesville directly overlies the Smackover. Any hydrocarbons that
migrated into the Smackover could have leaked into the Haynesville or younger
reservoirs. The lack of a Buckner seal and the lower log signatures of SP and resistivity
show the Haynesville Formation are less shaly and more of a sandier lithology since SP is
typically lower in sands and higher in shales. The log signature of the Haynesville
Formation is comparatively lower near the Smackover updip limit than basinward wells.
This suggests the lack of a stratigraphic trap from a Haynesville-Buckner seal where
hydrocarbons can leak into the sandier intervals from the Smackover Formation instead
of being sealed by impermeable anhydrites and shales.
The Buckner Anhydrite was unexpectedly thicker in the western part of the study
area. The Haynesville was also more anhydritic as opposed to the eastern part of the
study area. This would be conducive to a good reservoir-seal system. The thicker
sections of the Buckner Anhydrite suggests that this area was relatively more hypersaline
during the deposition of the Buckner. The paleotopographic highs, upthrown fault
blocks, and Smackover shoals known to exist basinward may have formed barriers that
restricted the western part of the study area.
A case study of Walker Creek in Arkansas of ooid shoals developed on a subtle
salt feature contained aragonitic ooids that stabilized to calcite as a result of meteoric
processes. However, other statements disagreed that the ooids were originally calcite or
magnesium-rich calcite where one would not expect to find dissolution fabrics present
(Moore, 1989). Oomoldic grainstones are common updip and range to primary,
intergranular porosity downdip. The oomoldic porosity can enlarge into vuggy porosity
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with extensive calcite cements in the northern diagenetic zone near the updip limits.
These oomoldic zones grade downdip into primary, intergranular porosity zones with
well-preserved ooids and no significant calcite cement in the southern diagenetic zone
(Moore and Druckman, 1981). The diagenetic zone model suggests that oomoldic
porosity zones are the result of meteoric processes in a gravity-driven regional aquifer
system (Moore, 1989).
Core description of 23-023-200840000 showed lightly-colored limestones toward
the top of the Smackover with secondary dolomite lithologies. This area has been
interpreted to be the tidal flat environment of the Smackover based on the light color,
very fine-grained to crystalline texture, and presence of sand. The presence is
comparative to stated occurrence of local terrigenous influence near the updip limits
(Mitchell-Tapping, 1984).
The presence of dolomite in the Smackover core sample of well 20084 is
coincident with the presence of a thicker Buckner isopach section in the western part of
the study area. The hypersaline environment that deposited the Buckner interacted with
Smackover rocks to result in formation of dolomite as was seen on paleotopographic
uplifts in the salt wall play in Wayne County (Heydari and Keyes, 2003).
Core observations for a reservoir quality rock in the updip Smackover are
currently inconclusive. However, well log analysis of 23-023-200930000 show markedly
lower bulk density values that may be conducive to a reservoir quality rock. The sharp
decrease in density at the top of the Smackover is likely to be due to a fractured dolomite
or a sandier interval.
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The 2-D seismic data from A-A’ and B-B’ suggest interpretations of possible
relatively porous Smackover rocks based on troughs in the seismic wiggle traces. The
troughs in the wiggle traces are indicative of slower velocities related to less dense rock.
Velocity peaks indicative of the Haynesville-Buckner are present overlying the
Smackover top in both A-A’ and B-B’. These peaks could be indicative of a possible
seal overlying a porous medium.
Hydrocarbon migration from the Early Cretaceous to Late Cretaceous postdates
seal or trap formation along the northern basin margin (Mancini et al., 2003). The timing
of migration, northwesterly migration direction, and cease of salt movement in the Early
Cretaceous (Mancini et al., 2003; Sassen and Moore, 1988) suggests that the northern
basin margin has a good critical moment for hydrocarbon accumulations. However, it is
difficult to assess whether or not most hydrocarbons were trapped near the Quitman Field
and did not migrate updip. However, if Smackover hydrocarbons accumulated to a spill
point, then migration could occur into stratigraphic traps near the updip limits.
The oil gravities of Smackover reservoirs vary from 18 to 59.9 ˚ API in the updip
basement play (Mink and Mancini; 1995). The Smackover Formation varies in depth
from approximately 8,500’ to 10,500’ near the updip limits. Wells such as 00270, were
suggested to be thermally immature and did not generate oil (Mancini et al., 2003). .
The oil window of 0.50 % Ro for thermal maturity taken from Mancini et al.
(2003) and the presence of a Buckner seal are conducive for hydrocarbons accumulations
in the Smackover near the updip limits in Clarke County, Mississippi. These overlapping
parameters were used to generate a “play map” of where prospects of the updip
Smackover could possibly be located (Fig. 43).
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Figure 43

Play Map with thermal maturity of 0.50 Ro% as indicated by Mancini et
al., 2003, Buckner isopach thickness greater than 50 feet, and the
Smackover Updip limit showing a “play”

Note: Quitman Field lies within the “play” that had Smackover production.
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CHAPTER VI
CONCLUSIONS

Conclusions from this research have determined that the updip limit of the
Smackover Formation in Clarke County, Mississippi is sinuous affected by basement
paleotopographic highs and lows similar to south Alabama. The Haynesville-Buckner
intervals are relatively more anhydritic with dolomitic Smackover rocks near the top of
the Smackover. The western part of the Clarke County would also be within the oil
window of thermal maturity with over 0.50 % Ro. The possibilities for exploration from
this research leads to suggestions in the western part of Clarke County.
Oomoldic is the most likely porosity type adjacent to the updip margins, however,
decreases downdip to updip becoming less connected based on the two observed core
samples. The presence of dolomite near the top of the Smackover in the API# 23-023200840000 is indicative of extensive dolomitization of the updip Smackover as stated by
previous researchers (Meendson et al., 1987). Most reservoirs in the updip Smackover of
Clarke County are probably entirely dolomitized and thus fractured dolomite reservoirs
could exist in this area. Grainstone reservoirs near the updip limit of the Smackover are
still yet to be determined.
Possibilities for further research of the updip Smackover could include, but not
limited to, a detailed stratigraphic analysis of samples to determine the specific type of
porosity, the type of cements, and facies environments through petrographic thin-section
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analysis. This could determine whether the updip Smackover in southeast Mississippi
contains significant connected porosity, the presence or absence of shoals, and whether or
not the diagenetic setting is meteoric in nature. Another possible analysis could be
conducted that could include drawing the sequence boundaries of the A, B, and C
sequence of the Smackover Formation from seismic data. This analysis could determine
if the Smackover Formation is chronostratigraphically the C-sequence adjacent to the
updip limits in southeast Mississippi.
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